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ABSTRACT
Bai ji (Rhizoma Bletillae) is a well known traditional Chinese medicine, and Taiwan bai ji (Bletilla formosana (Hayaata)
Schltr.) is commonly available in Taiwan. In this study, B. formosana (Hayata) Schltr. was collected from Wutai township (Pingtung
county), Shaolin township (Hualien county) and Datung township (Yilan county), while B. formosana (Hayata) Schltr. f. kotoensis
(Hayata) T. P. Lin was collected from Orchid Island (Taitung county). Four components, namely militarine, cinnamic acid, 1,8-bi(4hydroxybenzyl)-4-methoxyphenanthrene-2,7-diol (BHMD), and 4,7-dihydroxy-1-p-hydroxybenzyl-2-methoxy-9,10-dihydro-phenanthrene (DHMD), were used as marker compounds for quantitative analysis by HPLC. The Folin-Ciocalteu method was used to
measure the total phenolic content in extracts. DPPH radical-scavenging assay was employed to measure antioxidant activity. Our
results showed that the contents of cinnamic acid and militarine in the tubers from Yilan were higher than those in other regions.
Moreover, the contents of BHMD and DHMD in the tuber of the plants from Orchid Island were higher than those in other regions.
In addition, the content of the components in the seedlings grown by tissue culture were lower. B. formosana (Hayata) Schltr. f.
kotoensis (Hayata) T. P. Lin from Taitung had a higher total phenolic content and higher DPPH scavenging ability.
Key words: Bletilla plant, HPLC, antioxidant ability

INTRODUCTION
Bai ji (Rhizoma Bletillae), also known as Bletilla, is
from the Orchidaceae family and is a common perennial
herbal material that has been used as a traditional Chinese
medicine to treat astriction, hemorrhage and swelling. It
is known to cure pneumonia, pulmonary tuberculosis,
gastric and duodenal ulcer (1), and is also used as a refrigerant and moisturizer. The original plant of bai ji is B.
striata (Thunb.) Reichb. F. (B. striata) and its dried tuber
is used as a Chinese medicinal material. The indigenous
species of B. formosana (Hayata) Schltr. (B. formosana)
in Taiwan and bai ji belong to the same family, but are of
different species. The tubers of both B. formosana and bai
ji can be utilized as Chinese medicinal and ornamental
materials(2). B. formosana (Hayata) Schltr. f. kotoensis
(Hayata) T. P. Lin (B. formosana T. P. Lin) is an indigenous species in Orchid Island, Taiwan(3,4). The distribution of the Bletilla plant has been documented to be from
sea level to an altitude of 3000 meters(3).
* Author for correspondence. Tel: +886-8-7740365;
Fax: +886-8-7740415; E-mail: layhl@mail.npust.edu.tw

Many compounds can be isolated from B. striata,
such as bibenzyl, dihydrophenanthren, dihydrophenanthrene, biphenanthrene, bis(dihydrophenanthrene) ether
(blestrin A, B)(5,6), benzylphenanthrene, methylated stilbenoids, biphenanthren, dibenzylphenanthrene, benzylphenathrene ether, dihydrophenanthropyran, phenathrene, blespirol(7) and phenathrene glucoside. However,
few papers reported on the isolation of the components in
B. formosana.
B. formosana is widely distributed throughout
Taiwan. In this study, wild Bletilla plants were collected
from differentregions in Taiwan to compare the contents
of their components and their antioxidant activities. In our
previous report(8), we performed the isolation and purification of b-sitosterol, stigmasterol, 3,3’-dihydroxy-2’,6’bis( p-hydroxylbenzyl)-5-methoxybibenzyl, cinnamic
acid, 4,7-dihydroxy-1-p-hydroxybenzyl-2-methoxy-9,10dihydro-phenanthrene (DHMD), 1,8-bi(4-hydroxybenzyl)4-methoxyphenanthrene-2,7-diol (BHMD) and militarine. However, only four components, namely militarine,
cinnamic acid, BHMD and DHMD, were used for the
quantitative analysis of the index components by HPLC.

280
Journal of Food and Drug Analysis, Vol. 18, No. 4, 2010
(A)

(B)

Figure 1. Plant properties of B. formosana (column A) and B. formosana T. P. Lin. (column B).
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The objectives of this study were to measure the total
phenolic content of the extracts using the Folin-Ciocalteu
method and to measure the antioxidant activity of the
extracts using DPPH radical scavenging assay.

MATERIALS AND METHODS
I. Materials
Plant materials of B. formosana were collected from
Wutai township (Pingtung county), Shaolin township
(Hualien county) and Datung township (Yilan county).
B. formosana T. P. Lin was collected from Orchid Island
(Taitung county) and the differences in appearance
were shown in Figure 1. All materials listed above were
collected in August 2006 and were verified by Professor
Ching-Hsiang Hsieh [Department of Plant Industry,
National Pingtung University of Science & Technology
(NPUST)]. Voucher specimens were maintained in the
laboratory of the author for correspondence in the NPUST.
The plants were grown in a greenhouse at NPUST in 2006.
Each plant was grown in a 4-inch pot (medium content
was peat soil : nacrite : vermiculite : sand ＝ 2 : 1 : 1 :
2) for one year, before its fruits could be harvested. The
fruits were used for propagation by tissue culture.
II. Chemicals and Reagents
Militarine, cinnamic acid, DHMD, and BHMD
were purified and identified in our laboratory and the
chemical structures were shown in Figure 2. Quercetin
(98%, Sigma Chemical Co., St. Louis, MO, U.S.A.) was
(A)

used as an internal standard. DPPH (1,1-Diphenyl-2picrylhydrazyl), BHA (butulated hydroxyanisole) and
gallic acid were purchased from Sigma Chemical Co.
(St. Louis, Mo, U.S.A.). Folin-Ciocalteu’s phenol reagent
was purchased from Riedel-de Haën (Germany). Sodium
carbonate was purchased from Showa (Japan). Saccharose was purchased from Nihon Shiyaku Industries
(Japan). Activated carbon was obtained from Nippon
Shiyaku Kogyo (Japan). Hyponex No. 1, with nutrition
elements ratio N : P : K = 7 : 6 : 19, was purchased from
Hyponex Chemical Co. (U.S.A.).
95% ethanol was provided by the Taiwan Tobacco
and Wine Board (Taipei, Taiwan, R.O.C.). Acetonitrile
and methanol (HPLC grade) were obtained from Merck
(Darmstadt, Germany). N-hexane, ethyl acetate, acetone,
methanol, n-butanol, and chloroform were purchased
from Riedel-de Haën (Germany). Phosphoric acid was
purchased from Kanto Chemical (Tokyo, Japan). Ultrapure distilled water with a resistivity greater than 18 MW
was obtained from a Millipore mini-Q system (Bedford,
MA, U.S.A.). HPLC samples were filtered through
0.45 mm Millipore membrane filters (Bedford, MA,
U.S.A.). All other reagents were of analytical grade.
III. Plant Investigation
After the plants were cleaned, the plant height, leaf
length, width, number of leaves, tuber length, tuber
width, tuber fresh weight, and tuber dry weight were individually measured immediately after harvest. All fresh
materials were then dried in an air dryer at 50 oC for 48
hours. The dried leaves and tubers were pulverized and
stored in a freezer at -20°C before HPLC, total phenolic

(B)

(D)

Figure 2. The chemical structures of index components from Rhizoma Bletillae.
A: Cinnamic acid.
B: 1,8-bi(4-hydroxylbenzyl)- 4-methoxyphenanthrene-2,7-diol (BHMD).
C: 4,7-dihydroxy-1-p-hydroxybenzyl-2-methoxy-9,10-dihydrophenanthrene (DHMD).
D: Militarine.

(C)
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content, and DPPH free-radical scavenging analysis.
IV. Preparation of Standards and Internal Standard
Solution
All standards were weighed and dissolved in 70%
methanol to give the concentrations of militarine at
4,000.0 mg/mL, cinnamic acid at 130.0 mg/mL, BHMD at
200.0 mg/mL and DHMD at 120.0 mg/mL. All standards
were prepared as the standard stock solutions. Quercetin
(500.0 mg/mL) was prepared as the internal standard
stock solution.
V. Preparation of Sample Solutions
1 g each of ground samples was extracted by reflux
with 100 mL of 75% methanol at 80°C for 3 h. Each solution was subsequently filtered, evaporated and adjusted to
5 mL using 75% methanol. The internal standard, quercetin, was added to each solution to a concentration of
250 mg/mL. The final solutions were used for HPLC analysis, after filtration through a 0.45-mm membrane filter.
VI. Instruments
Analysis was conducted by a Hitachi HPLC system
equipped with a degasser (DG-2410), pump (L-7100), uv/
vis detector (L-7420), photodiode array detector (L-4500)
and autosampler (L-7200). Peak areas were calculated
with a D-7000 HSM software.
A Waters ODS-2 (4.6 mm × 250 mm I.D.) reversed
phase column was used. The column oven temperature
was 30°C. The mobile phase consisted of (A) 5% acetonitrile aqueous solution and (B) 60% acetonitrile aqueous
solution (each adjusted to pH 2.8 with phosphoric acid)
and a linear gradient elution was performed as shown in
Table 1. The detection wavelength was 220 nm. The flow
rate was 1.0 mL/min. The injection volume was 20 μL.
The samples were quantified by interpolating the linear
regression plot obtained from standard solutions.
An ELISA reader (Multiskan Ascent, Thermo
Labsystems) was used to test the total phenolic content
and DPPH free-radical scavenging ability.
VII. Analysis of Antioxidant Activity
(I) Sample Extraction
One gram of each ground samples was weighed
and extracted by reflux with 100 mL of 75% methanol at
80 oC for 3 h. Each solution was filtered, evaporated and
adjusted to 5 mL by adding 75% methanol and stored at
-4°C for the analysis of antioxidant activity.
(II) Total Phenolic Content
Total phenolic content was determined by the ELISA

Table 1. HPLC gradient elution program
Time (min)

5% Acetonitrile (%)

60% Acetonitrile (%)

0

80

20

15

68

32

25

65

35

70

65

35

80

50

50

120

40

60

125

32

68

130

25

75

140

80

20

reader (Multiskan Ascent, Thermo Labsystems) method
of Velioglu et al.(9) Eighteen microliters of sample extract
was mixed with 135 μL of 10% Folin-Ciocalteu’s phenol
reagent and was shaken by ultrasound for 3 min. 135 μL
of 6% Na 2CO3 was subsequently added and the mixture
was incubated for 60 min at room temperature. The
absorbance was then measured at 725 nm. Total phenolic
content was calculated using a calibration curve obtained
from various concentrations of gallic acid in 75% methanol solution (20 - 250 μg/mL).
(III) Free-Radical Scavenging Ability
The scavenging ability of methanol extracts on
DPPH free-radicals was estimated according to the
method of Shimada et al.(10) Solutions containing 160 μL
of various concentrations of sample extract, 160 μL
of various concentrations of BHA, 160 μL of various
concentrations of ascorbic acid, and the control (160 μL
of 75% methanol) were mixed separately with 40 μL of
0.8 mM DPPH dissolved in 75% methanol. Each mixture
was shaken vigorously and left to stand for 30 min at
room temperature in the dark. The absorbance of the
resulting solution was measured at 517 nm against an
aliquot blank using an ELISA reader. The scavenging
ability was calculated as follows:
Scavenging ability (%) = [(ΔA517 of control – ΔA517
of sample) / ΔA517 of control] × 100.
The higher the scavenging ability value, the higher
the antioxidant activity in the methanol extract (10).
(IV) Statistical Analysis
One-way ANOVA with Duncan’s multiple range test
was used to analyze and compare the data, with P < 0.05
as the limit of significance by SAS (Statistical Analysis
System).
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RESULTS

width, tuber fresh weight and tuber dry weight of the
wild Taiwan B. formosana plants collected from different
regions in Taiwan. The results showed that the B. formosana from Yilan County had the best growth of aerial
parts and B. Formosana T. P. Lin from Taitung County
had the best production of tubers.

I. Plant Properties of B. formosana
Table 2 shows the variation of plant height, number
of leaves, leaf length, leaf width, tuber length, tuber

Table 2. Plant properties of B. formosana and B. formosana T. P. Lin from different regions in Taiwan
Plant height
(cm)

Number of
leaves

Leaf length
(cm)

Leaf width
(cm)

Tuber length
(mm)

Tuber width
(mm)

Tuber F. W.
(g)

Tuber D. W.
(g)

Taitung

41.23

5.80

31.09

2.61

16.37

14.03

1.41

0.34

Pingtung

47.33

6.36

36.83

1.81

17.24

13.19

1.31

0.28

Yilan

52.30

5.73

38.79

3.78

26.68

17.00

1.07

0.24

Hualien

45.45

6.00

34.42

2.24

16.32

12.36

0.93

0.20

The plants from Yilan, Hualien and Pingtung are B. formosana.
The plant from Taitung is B. formosana T. P. Lin.

Table 3. The marker component contents of wild B. formosana and wild B. formosana T. P. Lin from different regions in Taiwan
Contents
Part

Region

Militarine
(mg/g D. W.)

Cinnamic acid
(μg/g D. W.)

BHMD
(μg/g D. W.)

DHMD
(μg/g D. W.)

Tuber

Taitung

37.65 ± 1.23b

476.43 ± 7.63c

1,118.63 ± 27.53a

942.68 ± 6.23a

Pingtung

33.88 ± 1.07c

593.27 ± 10.57b

555.18 ± 22.03c

280.22 ± 7.42b

Yilan

42.42 ± 1.51a

827.45 ± 29.82a

415.77 ± 20.06d

115.68 ± 1.95d

Hualien

36.73 ± 0.50b

790.81 ± 9.22a

588.25 ± 19.23b

234.91 ± 7.04c

Taitung

2.86 ± 0.02a

292.51 ± 9.75d

328.51 ± 15.62b

53.91 ± 3.69a

Pingtung

2.79 ± 0.03b

446.68 ± 6.72b

452.63 ± 16.49a

Leaf

c

c

b

—

Yilan

2.03 ± 0.03

331.72 ± 11.38

353.74 ± 1.61

—

Hualien

2.06 ± 0.03c

522.62 ± 21.03a

448.43 ± 6.55a

—

Taitung

39.84 ± 1.30a

394.28 ± 2.56a

333.63 ± 16.21a

145.78 ± 3.93a

Pingtung

37.60 ± 0.10b

289.88 ± 3.18d

202.16 ± 4.82c

96.75 ± 2.05c

Yilan

28.96 ± 1.06c

365.17 ± 7.00b

74.69 ± 1.80d

96.29 ± 2.20c

Hualien

39.08 ± 0.07ab

353.23 ± 8.36c

229.22 ± 9.01b

117.52 ± 1.47b

Plant from

Taitung

25.51 ± 0.59d

524.22 ± 2.66b

130.00 ± 6.06c

49.43 ± 1.17a

tissue culture

Pingtung

39.28 ± 0.23a

348.18 ± 3.81c

172.06 ± 4.81b

—

Yilan

29.08 ± 0.26c

345.81 ± 1.24c

297.30 ± 8.94a

—

Hualien

32.70 ± 0.92b

863.25 ± 22.95a

308.24 ± 5.32a

—

Root

The plants from Yilan , Hualien and Pingtung are B. formosana.
The plant from Taitung is B. formosana T. P. Lin.
BHMD: 1,8-bi(4-hydroxybenzyl)-4-methoxyphenanthrene-2,7-diol.
DHMD: 4,7-dihydroxy-1-p-hydroxybenzyl-2-methoxy-9,10-dihydrophenanthrene.
Values represent means ± standard deviation of three samples. Means with different letters (a, b, c, d) in the same column are significantly
different (P < 0.05) by Duncan’s multiple range test.
—: Not detected
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Figure 3. HPLC chromatograms of B. formosana plant tubers.
1: Militarine. 2: Cinnamic acid.
3: 1,8-bi(4-hydroxybenzyl)-4-methoxyphenanthrene-2,7-diol.
4: 4,7-dihydroxy-1-p-hydroxybenzyl-2-methoxy-9,10-dihydrophenanthrene.
IS: Internal standard (quercetin).

Table 4. Total phenolic content of wild B. formosana and wild B. formosana T. P. Lin from different regions in Taiwan
Content (mg/g D. W.)
Tuber

Leaf

Root

Plant from tissue culture

Taitung

16.62 ± 0.88a

8.41 ± 0.42ab

14.24 ± 0.59a

10.48 ± 0.37b

Pingtung

10.39 ± 0.37b

7.95 ± 0.30b

11.05 ± 0.18c

9.87 ± 0.59b

Yilan

8.90 ± 0.54c

9.16 ± 0.08a

13.10 ± 0.34b

11.52 ± 0.57a

Hualien

9.77 ± 0.43bc

8.95 ± 0.50a

12.44 ± 0.14b

10.75 ± 0.52ab

The plants from Yilan, Hualien and Pingtung are B. formosana.
The plant from Taitung is B. formosana T. P. Lin.
Values represent means ± standard deviation of three samples. Means with different letters (a, b, c) in the same column are significantly
different (P < 0.05) by Duncan’s multiple range test.

II. Component Contents in Different Parts of B. formosana
Plants
B. formosana plants were collected from three
different regions to evaluate the differences in the four
marker components among different parts. The results
showed that militarine was the main component in all B.
formosana plants and parts (Table 3).

Contents of four marker components in tubers
showed that B. formosana plant from Yilan County
had significantly higher militarine (42.42 mg/g) and
cinnamic acid (827.45 μg/g) contents than those from the
other three counties. Among all samples, B. formosana
T. P. Lin from Taitung county had the highest BHMD
(1,118.63 μg/g) and DHMD (942.68 μg/g) contents
(Table 3). The HPLC chromatogram of the cultivated B.
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Table 5. DPPH scavenging activity of wild B. formosana and wild B. formosana T. P. Lin from different regions in Taiwan
IC50 (mg/mL)
Tuber

Leaf

Root

Plant from tissue culture

Taitung

0.60 ± 0.01c

2.45 ± 0.04c

0.46 ± 0.02d

3.03 ± 0.07b

Pingtung

3.08 ± 0.14a

2.54 ± 0.02b

1.11 ± 0.03a

3.36 ± 0.07a

Yilan

1.96 ± 0.34b

2.61 ± 0.04a

0.85 ± 0.03b

2.17 ± 0.10c

Hualien

2.06 ± 0.36b

2.59 ± 0.04ab

0.69 ± 0.06c

3.06 ± 0.05b

The plants from Yilan, Hualien and Pingtung are B. formosana.
The plant from Taitung is B. formosana T. P. Lin.
Values represent means ± standard deviation of three samples. Means with different letters (a, b, c, d) in the same column are significantly
different (P < 0.05) by Duncan’s multiple range test.

formosana is shown in Figure 3.
For the four marker component contents in the
leaves of the B. formosana plant from different regions,
all components had lower content than other parts.
Specifically, B. formosana T. P. Lin collected from
Taitung county had the highest militarine (2.86 mg/g)
and DHMD (53.91 μg/g). Cinnamic acid content collected
from Hualien County was significantly higher than that
in other counties. The plants from Pingtung and Hualien
counties had higher BHMD (Table 3).
For the four marker component contents in the roots
of the B. formosana plant from different regions, B.
formosana T. P. Lin had the highest content among all
four marker components contents (Table 3).
The ripened fruits of the wild B. formosana and B.
formosana T. P. Lin collected from different regions were
sterilized with sodium hypochlorite. The fruit seeds were
cultured on a medium supplemented with 50 g/L mashed
potato, 50 g/L mashed banana, 2 g/L Hyponex No. 1,
2 g/L tryptone, 2% sucrose, 2 g/L activated carbon and
0.75% agar. The seeds were cultured at 25 ± 2°C under
a constant illumination of 2,000 lux for 16 hours/day.
After seven months of cultivation, the seedlings grown
by tissue culture were cleaned and the tubers were dried
in a hot air dryer at 50 oC for 48 h. The tubers were then
pulverized in order to compare the component differences with tubers of wild B. formosana plants. The
results showed that the tubers from wild B. formosana
plant had higher marker component contents than the
tubers of tissue cultured B. formosana (Table 3).
III. Total Phenolic Content in Different Parts of B. formosana Plants
The total phenolic content in B. formosana from
different regions was 7.95-16.62 mg/g (Table 4). The
total phenolic content in tubers, however, was found to
be significantly higher in B. formosana T. P. Lin from
Taitung County. The total phenolic content in leaves and
seedlings grown by tissue culture were found significantly higher in the tubers from Yilan County.

IV. The DPPH Radical-scavenging Capacity in Different
Parts of B. formosana Plants
Table 5 shows the DPPH radical-scavenging
capacity of the extraction solution from different parts
of B. formosana plants. It was found that the seedlings
grown by tissue culture of B. formosan collected in Yilan
County had the best antioxidant capacity. In addition, B.
formosana T. P. Lin collected in Taitung County had the
best scavenging capacity in the tubers, leaves and roots.

DISCUSSION
The results showed differences in the components of
the B. formosana plant from different collection regions.
Furthermore, the components in seedlings grown by
tissue culture were similar to those of wild B. formosana
plant, indicating the feasibility of using the tissue culture
approach to replace the traditional propagation method of
B. formosana plants.
Garcia et al.(11) (2005) reported different emetine
and cephaeline contents in Psychotria ipecacuanha roots
collected from different regions and cultivated species
to evaluate changes in their components by HPLC.
This may relate to the favorite environment for biosynthesis. Chang et al.(12) (1994) also studied the B. formosana plant from different regions and different planting
approaches. They discovered that B. formosana showed
its specific genetic features and heredities, even they
grew in same ecological environment and consistent
culturing condition. In this study, there were significant
differences among the components from different parts
of B. formosana. It was also found that the plants from
Hualien County had the best scavenging capacity. For
B. formosana species that we used is the species from
different parts of Taiwan except Taitung Orchid Island,
the result could be due to the genetic heredity and environment factors of B. formosana in Hualien.
As to the internal tissue structures, the tubers of
wild B. formosana and plants from tissue culture all had
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Figure 4. HPLC chromatograms of B. formosana plant leaves.
1: Militarine. 2: Cinnamic acid.
3: 1,8-bi(4-hydroxybenzyl)-4-methoxyphenanthrene-2,7-diol.
4: 4,7-dihydroxy-1-p-hydroxybenzyl-2-methoxy-9,10-dihydrophenanthrene.
IS: Internal standard (quercetin).

nearly the same components except size (3,13). The results
of this study showed that the components of cultured
tissue and wild B. formosana plant tubers were similar.

However, their contents were lower in tissue cultured
plants. This suggested that the plants grown in fields
have mechanisms to transfer some elements from the
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Figure 5. HPLC chromatograms of B. formosana plant roots.
1: Militarine. 2: Cinnamic acid.
3: 1,8-bi(4-hydroxybenzyl)-4-methoxyphenanthrene-2,7-diol.
4: 4,7-dihydroxy-1-p-hydroxybenzyl-2-methoxy-9,10-dihydrophenanthrene.
IS: Internal standard (quercetin).

environment to the components that were low in cultured
plants. The microclimate around the plants in field also
be a contributing factor.

CONCLUSIONS
Wild B. formosana tubers from Yilan had the
highest cinnamic acid and militarine contents, while
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IS: Internal standard (quercetin).
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Figure 6. HPLC chromatograms of B. formosana plant from tissue culture.
1: Militarine. 2: Cinnamic acid.
3: 1,8-bi(4-hydroxybenzyl)-4-methoxyphenanthrene-2,7-diol.
4: 4,7-dihydroxy-1-p-hydroxybenzyl-2-methoxy-9,10-dihydrophenanthrene.
IS: Internal standard (quercetin).

the tubers of B. formosana (Hayata) Schltr. f. kotoensis
(Hayata) T. P. Lin from Taitung county had the
highest BHMD and DHMD contents. The contents of

components within seedlings grown by tissue culture
were lower. Results also revealed that the roots of B.
formosana (Hayata) Schltr. f. kotoensis (Hayata) T. P. Lin
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from Taitung County had higher total phenolic content
and the best DPPH free-radical scavenging capacity.
If the appropriate culture environment and conditions are used to induce secondary metabolites in the
seedlings, their production and functional activities may
not be lower than the adult plant in the production of
Chinese herbal medicine. Therefore, the development of
tissue culture technology for the growth of the B. formosana plant or the production of secondary metabolites is
applicable.
The reasons for the low content of components in the
tubers of cultured plants and the effect of microclimate
on the component contents of the plants may be studied
further.
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